We used colloidal gold (1-nm diameter) with silver enhancement, in conjunction with a low-temperature post-embedding immunolabeling technique, to localize several antigens in normal skin at both the light and the electron microscopic level within the same tissue blocks. Normal skin subjected to cryofition and cryosubstitution and embedded in Lowiayl K l l M was used as a substrate. Semi-thin sections (1 pm) were incubated in primary antibody (against epidermal basement membrane zone associated antigens and two keratin sub-types), biotinylated secondary antibodies, and then in 1-nm gold-conjugated streptavidin. Finally, the 1-nm gold label was enhanced using silver staining. Labeling of both basement membrane and keratin antigens was well demonstrated, and the area in the semi-thin sections show-
Introduction
We have recently shown that cryofixed human skin that is treated by cryosubstitution and subsequently embedded in Lowicryl K11M without any chemical fixation can be a very effective substrate for post-embedding immunoelectron microscopy (1). However, the quality of antigen and ultrastructural preservation resulting from these procedures can be highly variable, not only from block to block but also from one area to another in the same block. Therefore, post-embedding immunolabeling performed at the light microscopic (LM) level before visualization of the same labeled antigens at the electron microscopic (EM) level would be an advantage (2, 3) . It would enable a block of Lowicryl-embedded tissue with optimal antigenic and structural preservation to be selected and labeling of antigens in semi-thin and ultra-thin sections from the same part of the block to be correlated. Until now, however, no successful LM demonstration of epidermal basement membrane ing the best structural preservation and the greatest intensity of immunolabeling was used to identlfy the part of the block to be used for ultra-thin sectioning. Ultra-thin sections were treated using a similar procedure to that employed for semi-thin sections. The labeling with silver-enhanced 1-nm gold probes was intense and readily visible by electron microscopy, even at low magnification. We have found this technique to have a high degree of specificity and sensitivity for labeling both intra-and extracellular antigens in skin, with the added advantage of providing the means for studies at both light microscopic and electron microscopic level. ( J Hhtochem Cytochem 40:883-888, 1992) KEY WORDS: h"mnoe1ectron microscopy; Colloidal gold; Silver staining; Skin basement membrane; Keratin; Type VI1 collagen. zone (BMZ) antigens in sections of plastic-embedded tissue has been reported.
In previous studies (Shimizu and Eady, unpublished data) we were unable to demonstrate skin BMZ antigens at the LM level using silver enhancement of 5-nm gold probes according to the silver staining technique as described previously (4-8), probably because of the limited amount of exposed antigen on the surface of the sections. In the present study, because the use of smaller-sized gold particles might increase the sensitivity of the method (9), we used 1-nm gold probes conjugated to streptavidin, in conjunction with the photochemical silver staining technique, for studies at both the LM and the EM level. Our study shows correlative LM and EM labeling of various intra-and extracellular antigens in skin associated with the BMZ and the keratin filament network.
Materials and Methods

Specimen Preparation
The technique for processing normal human skin into Lowicryl blocks was largely followed as previously described (1). Briefly, normal human skin samples, freshly obtained during plastic surgery procedures, were used for all experiments. The skin was normally used without chemical fixation.
However, some samples for keratin labeling were briefly fived in 1% paraformaldehyde-lysine-periodate fixative and free aldehyde groups were quenched with 100 mM glycine in PBS. All samples were cut into small pieces (<I mm3), cryoprotected in 20% glycerol for 1 hr at 4°C. cryofixed by plunging into liquid propane cooled to -190'C. subjected to freezesubstitution in 100% methanol at -SOT, and embedded in Lowicryl KllM (Chemische Werke Lowe; Waldkraiberg, Germany). Finally. the Lowicrylembedded blocks were photopolymerized under uv light at -6O'C for 48 hr and at room temperature for a further 72 hr.
Antibodies
Because immunogold reagents do not penetrate the Lowicryl sections. the concentration range of primary antibodies employed in the present study with light and electron microscopy was the same. The skin BMZ antibodies used were as follows.
Anti-collagen Type VI1 (Non-collagenous Domain). A mouse monoclonal antibody. LH7.2, which reacts with the carboxy terminus of Type VI1 collagen. (10,11), was kindly provided by Dr. Irene Leigh (The Royal London Hospital, London, UK). The antibody was used undiluted and conditioned medium from myeloma cell line SP2/o-Ag14 was used as a control.
Anti-collagen Type VII (Collagenous). A rabbit polyclonal antibody against the collagenous (helical) portion of Type VI1 collagen (12), was a gift of Dr. Leena Bruckner-Tuderman (Department of Dermatology, University of Zurich, Zurich, Switzerland). The antibody was used undiluted and non-immunized rabbit serum was used as a control.
Antibody Against Synthetic Bullous Pemphigoid Antigen. A rabbit polyclonal antibody against a synthetic peptide encoded by bullous pem-phigoid cDNA (13, 14) was used. This synthetic protein corresponds to the carboxy terminal part of a 230 KD protein, known as a major bullous pemphigoid antigen, which is localized in hemidesmosomes (14) . This antibody was a gift of Dr. John Stanley (Dermatology Branch, NCI, National Institutes of Health, Bethesda. MD. It was used at a dilution of 1:500. Nonimmunized rabbit serum was used as a control.
Keratin Antibodies. Mouse monoclonal antibodies against keratin 10 and keratin 14, named LHPl (15) and U001 (16), respectively, and rabbit antiserum against keratin 1 (Rbakl) were provided by Dr. I. Leigh (see above) and Dr. B. Lane (Cancer Research Campaign, Dundee, Scotland) and were used at 1:2 dilution for the monoclonal antibodies and 1:200 for the rabbit antiserum. Conditioned medium from myeloma cell line SP'lo-Ag14 was used as a control.
Immunolabeling for Light Microscopy
Semi-thin sections (1 pm) were cut from Lowicryl-embedded blocks, collected on glass slides, and stained with Richardson's solution (17) to determine which blocks showed good structural preservation. Further semi-thin sections were cut and air-dried at room temperature for 1 hr and then incubated with 1% bovine serum albumin with 5 % normal goat serum in PBS. pH 7.4, for 30 min to block nonspecific antibody binding. The sections were incubated in primary antibody that was either undiluted or diluted b .. : in 0.5% bovine serum albumin with 0.1% gelatin in PBS, washed twice in buffer for a total of 20 min. followed by incubation in affinity-purified biotin-conjugated goat anti-mouse or anti-rabbit IgG (Sera Lab; Crawley Down, Sussex, UK) at a 1:200 dilution for 60 min. After a second wash, the sections were incubated in I-nm colloidal gold-conjugated streptavidin Uanssen Life Science; O h . Belgium) at a 1:20 dilution for 60 min. This was followed by further washing in buffer and distilled water. Silver stain amplification using the IntenSE M silver enhancement kit Uanssen) was controlled microscopically and the reaction was terminated by washing the slides in double-distilled water for 5 min. The silver enhancement reaction time ranged benveen 8-12 min. The speed of the silver enhancement is dependent on the ambient temperature. and is faster at warmer tcmpcratures. Sections were counterstained with toluidine blue or hematoxylin. dried, mounted. and observed under a light microscope.
Immunolabeling for Electron Microscopy
Immunolabelcd semi-thin sections were used to identify areas in different blocks showing both good structural preservation and specific labeling of BMZ or keratin antigens. The blocks were rc-trimmed, and ultra-thin scctions including the selected areas were cut and collected on Pioloform (Agar Aids Ltd; Stanstcd. Essex, UK)-coated nickel grids. The grids were placed on a drop of 1% bovine serum albumin with 5% normal goat serum in PBS, pH 7.4. for 30 min to block nonspecific binding.
The immunolabeling, washing. and silver enhancement steps were carried out using the same protocol as that used for the LM immunolabeling. The rime required for silver enhancement was determined by increasing the duration of reaction in increments of 1 min each until the desirable particle size was obtained. After silver enhancement, the sections were contrasted with uranyl acetate and lead citrate. carbon-coated, and examined in a JEOL lOOCX transmission electron microscope,
Results
Light Microscopic Observations
All the BMZ antibodies used in this study showed fine, specific . c linear staining along the dermo-epidermal junction in the semithin Lowicryl sections. Immunolabeling with LH7.2 monoclonal antibody against the C-terminus of Type VI1 collagen is shown in Figure 1 . Immunoreactivity to LHPl was observed in suprabasal epidermal keratinocytes (Figure 2a ) and that of LLOOl was mainly observed in the basal cell layer (Figure 2b ). There was no specific immunolabeling in any of the control sections.
Electron Microscopic Observations
Ultrastructural preservation was generally good, including that relat-ing to keratinocytes. BMZ, and dermal components, and was consistent with previous observations (1). Silver-enhanced 1-nm colloidal gold was observed as large, specific electron-dense particles measuring 10-100 nm in diameter, which were easily observed by EM even at low magnification. Optimal immunolabeling was achieved with a concentration of primary antibodies as described in Materials and Methods. The level of background labeling was low. When lower concentrations of primary antibodies were employed, a lower labeling density was obtained. In general, the concentration of primary antibody necessary in the present technique was higher than is usually required with pre-embedding or immunofluorescent labeling.
. .
. . , . . _.. Labeling of the carboxy terminus of Type VI1 collagen was localized mainly on the lamina densa and on structures below anchoring fibrils (Figure 3) , whereas the collagenous part of Type VI1 collagen was mainly localized to the central banded portion of anchoring fibrils below the lamina densa. The carboxy terminus of synthetic bullous pemphigoid antigen was localized to the intracellular component of hemidesmosomes ( Figure 4) where keratin filaments insert, as we have shown previously (14) . No labeling was seen outside the cells, in the lamina lucida, or in other parts of the BMZ, as shown earlier (14) . The strongest immunolabeling with antikeratin antibodies Rbak 1 and LHPl was localized to keratin filaments of suprabasal cells and that of LLOOl was seen in basal cells (Figures 5a-5c ). No specific labeling of hemidesmosomes, desmosomes, or keratohyalin granules was found with the antikeratin antibodies. Labeling density was high enough to differentiate labelled cells from unlabeled cells (Figures 5a-5c ).
Discussion
The introduction of 1-nm gold probes with silver enhancement for LM and EM immunolabeling has resulted in increased sensitivity of detection. Because of the small size of the gold probe employed, a greater density of labeled particles can be achieved for the same amount ofexposed antigen (18, 19) . Although the I-nm gold probe itself is too small to be visualized by transmission EM under ordinary conditions, silver-enhanced 1-nm gold probes can be easily observed by EM, even at low magnification, thus allowing a ready evaluation of the degree of specific vs background staining. To improve the sensitivity of the technique at the LM and EM levels we SB . ':. . . ..+. .
have also employed biotinylated secondary antibody in conjunction with I-nm gold probes conjugated to streptavidin. Until recently, little success has been achieved with the immunolabeling of skin BMZ antigens on sections of embedded tissue at the LM level. This may be partially due to the sparse distribution of BMZ antigens and the lack of sensitivity of the methods used (20) .
Our present results showing the ultrastructural localization of the carboxy terminus and the collagenous portion of Type VI1 collagen support the proposed structure of anchoring fibrils, which are thought to be composed mainly of Type VI1 collagen, having a carboxy terminus at both ends of the fibrils (10, 11, (21) (22) (23) . The antibody against the carboxy-terminal epitopes of a peptide encoded by cDNA of bullous pemphigoid antigen (13, 14) can be shown to bind only to the intracellular component of hemidesmosomes. This is an interesting result, considering that the bullous pemphigoid antigen recognized by whole serum is localized to both intra-and extracellular sites associated with hemidesmosomes (1, 24) .
Previous labeling of keratin in skin at the ultrastructural level has been done with larger gold probes, usually 5-to 15-nm gold (25) (26) (27) (28) . The immunolabeling pattern with the silver-enhanced 1-nm gold probes was consistent with previous reports. However, the labeling density of this method was higher than that of larger gold probes, and the silver-enhanced probes were easily observed at low magnification. Furthermore, a distinction of labeled cells from unlabeled cells was easy. Silver-enhanced 1-nm gold probes could be useful for the assessment of the amount of expression of different types of keratin according to the degree of cell differentiation (16, 29, 30, 31) .
In conclusion, we consider that silver enhancement of 1-nm gold particles affords a suitable means of localizing skin antigens in Lowicryl-embedded sections at both the light and the electron microscopic level. The technique allows increased sensitivity and resolution of labeling compared with earlier techniques using larger gold probes, and should therefore serve as an important procedure for future immunocytochemical studies on both intracellular and extracellular antigens in skin.
